activities of cherelle wilt on three cocoa clones (Theobroma cacao) under two levels of soil fertilities. . Cherelle wilt is one of the diseases caused by physiological disorders. It results in loss of young pods by 70-90%. This study aims to reveal the correlation of physiological and biochemical activities of several cocoa clones with two soil fertility status. The study was conducted using a nested design with two blocks as replications. The soil fertility status was classified based on soil chemical status. This obtained two clusters of soil fertility, namely low soil fertility and high soil fertility. The second factor was cocoa clone, consisting of three clones, namely RCC 70, RCC 71 and KKM 22. Variables measured were soil character, biochemistry of fresh and wilting cherelles, physiological activities, cherelle wilt and biochemical activities including sucrose content, reducing sugar and invertase activity. The data obtained were analyzed for their variance (ANOVA) with a 95% confidence level and tested using Tukey's HSD there were significant differences between treatments. The results showed that high soil fertility status could increase contents of N, P, K and boron in leaves, increase nitrate reductase activity, chlorophyll contents, increase photosynthesis rate, suppress transpiration rate, increase assimilate transport from leaves to cherelle, increase enzyme invertase activity. RCC 70 clone indicated better physiological and biochemical activity and had the smallest percentage of cherelle wilt. Soil fertility status can suppress cherelle wilt by up to 60% through increasing physiological and biochemical activity. The RCC 70 clone shows the lowest cherelle wilt values compared to RCC 71 and KKM 22 clones.
INTRODUCTION
Cocoa is an important crop. Cocoa bean is raw material for making various processed food and beverage products (Guehi et al. 2007 ); as well as cosmetics and drugs (Anvoh et al. 2009 ). It contains catechin, theobromine, oleic acid, alantonin and vitamin E so that it can be used as anticarcinogenic, anti-atherogenic, vasodilatory and antioxidant (Steinberg et al. 2003; Engler et al. 2004; Grassi et al. 2005; Keen Holt et al. 2005; Raventos et al. 2005; Buijsse et al. 2006; Afoakwa et al. 2007; Kim et al. 2011; Andujar et al. 2012 ). Furthermore, it was reported that antioxidant content in cocoa is higher than that in green tea (Gunalan et al. 2010) . The benefits of cocoa plants are enormous, but the problems encountered by farmers are also complicated. One of the problems is a physiological disease called Cherelle wilt. Cherelle wilt results in the loss of young pods from 7% to 92.5% (Humprhries 1943; McKelvie 1956; Aneja et al. 1999; Prawoto 2000; Melnick et al. 2013) .
Several studies have reported causes of cherelle wilt such as pollen incompatibility (Pound 1932 , Humphries 1943 , water and mineral competition (Humphries 1943; 1947; 1950) , phytohormone (McKelvie 1960; McKelvie 1956; Prawoto 1999) , xylem occlusion (Nichols 1961) , micronutrient deficiency (Wachjar 2005) , and assimilate competition (Wachjar 2005; Astuti et al. 2011) . Current studies of cherelle wilt particularly focus on assimilate competition and effects of phytohormone, but they have not obtained clear information about the causes of cherelle wilt. Humphries (1947) states that cherelle wilt is completely unrelated to assimilate competition. Humphries has detailed works from 1943 to 1950 which explain in detail that the limiting factors of cherelle wilt are water, minerals and inorganic nutrition. One of the factors that lower water, minerals, and nutrients are low soil fertility, especially chemical properties of the soil. Soil fertility indicates the ability of the soil to provide nutrients and water in order to support plant growth and development. Some elements that are strongly suspected to be the causes of cherelle wilt are potassium, phosphorus, and boron. They affect the photosynthetic activity in leaves and biochemical activity in fruits. In addition to the soil fertility, clone seems to be one of the important things to take into consideration because the response of the clones to the environment will determine the level of cherelle wilt in cocoa (Prawoto et al. 2015) . This study was conducted to confirm the aforementioned statements, especially regarding the limiting factors for cherelle wilt, and the role of soil fertility, especially the role of the elements P, K, and Boron in lowering the ratio of cherelle wilt and the response of each clone to cherelle wilt in each respective soil fertility status.
MATERIALS AND METHODS

Study area
Plants taken as samples were fresh plants and had the same level of uniformity. This study used 3 clones, consisting of RCC 70, RCC 71 and KKM 22. It took place at a cocoa plantation, PT Pagilaran, Production Unit of Segayung Utara at Simbangjati Village, Tulis Subdistrict, Batang District, Central Java Province, Indonesia.
Procedures
Field experiments were designed using a nested design with two different statuses of soil fertility, namely high soil fertility status and low soil fertility status. The soil fertility status was determined based on cluster analysis in accordance with chemical properties of the land existing in the plantation. Each selected location was then divided into 3 blocks as replications with 5 plants per clone, so that there were 95 plants used in this observation.
Observed variables for soil analysis were divided into: Soil characteristics include N-available, K-available, Pavailable, moisture content levels, types of soil, and soil pH. The available N was determined Kjeldahl Method (Anon 2005) , P and K determined by Olsen extraction (Olsen and Sommers 1982) , Boron determine by Morgan-Wolf extraction and organic carbon was determined by wet oxidation method (Anon 2005) .
Physiological characteristics include N, P, K and boron contents in leaves, nitrate reductase, chlorophyll content, intercellular CO2, stomata density, stomatal conductance, photosynthetic rate, and transpiration rate. They were observed in leaves exposed to sunlight. Stomata observation: Stomata were taken by applying clear nail polish to 3rd or 4th leaves exposed to sunlight. After it was dry, the nail polish was removed using clear plaster and put on a glass object and then examined using a microscope. The number of stomata was observed using the ocular equipped with a net-shaped micrometer using 100x magnification. The width of the stomata opening was observed using a microscope with a micrometer magnification of 420x. Chlorophyll content: Chlorophyll content was measured using the spectrophotometric method of Harbon 24 . 0.1 gram of leaf was mashed using mortal and then extracted with 50 mL of 80% acetone. The samples were then filtered using filter paper in an Erlenmeyer flask. Absorbance was measured using a spectrophotometer at wavelengths of 663 nm and 646 nm, while the blank used 80% acetone. Afterwards, the chlorophyll content was calculated using the formula: Chlorophyll a = 12.21 x A663-2.81x A646 x 50; Chlorophyll b = 20.13 x A646-5.03 x A663 x 50; and total chlorophyll content = chlorophyll a + chlorophyll b. Nitrate reductase activity: Nitrate reductase activity was measured by using spectrophotometric method. 0.2 g of leaf was cut into small pieces with a size of 0.5 cm and put into a dark bottle containing 5 mL 0.1 M phosphate buffer (pH 7.0), and left for 24 hours. After that, it was replaced with a new buffer solution containing 0.1 mL of 5 M NaNO3 as a substrate, and incubated for 2 hours. After the incubation, filtrate was inserted into a tube containing 0.2 mL of 1% sulphanilamide into 3 N HCl and 0.2 mL 0.02% Nnaphtylethylene and then waited until it was pink as a sign of the change of nitrate to nitrite by the nitrate reductase enzyme. After the color changed, they would be read on the spectrophotometer with a wavelength of 540 nm. Intercellular CO2, photosynthetic and transpiration rate were measured using Phothosinthetic analyzer model LI-6400 of LICOR Inc. Lincoln, Nebraska, USA.
Biochemical characteristics include sucrose, sugar reduction, and invertase activity, and percentage of cherelle wilt. 10 grams of fresh cherelle (young pod) and wilting cherelle were added with liquid nitrogen and then crushed until smooth. 0.5 grams of the smooth samples was taken and added with extraction buffer twice the volume of sample weight, and mixed until it became homogeneous. The solution was centrifuged at 10,000 rpm, 4 o C for 10 minutes and then the supernatant was taken. It was saved at -20 o C. The activity of breaking enzyme down (hydrolysis) of sucrose was measured based on the amount of reducing sugar produced by the hydrolysis of sucrose. Invertase enzyme activity: It was measured using the method of Arai (Arai et al 1991), the reagent solution to measure the enzyme activity of the acid invertase (AI) contained 25 mM MOPS-NaOH (pH 5.5) and 100 mM sucrose. 250 μL reaction buffer was incubated at 30 o C for 5 minutes. After 5 minutes, the enzyme sample was added with 50 μL and vortexed. It was incubated at 30 o C for 0 and 20 minutes, then 500 μL DNS reagent was inserted. It was boiled for 10 minutes in boiling water. After cooling, it was measured using a spectrophotometer at 560 nm. The protein content was measured by using the Bradford method (Bradford 1976) . 15 μL of sample was added with 1 mL of Bradford reagent and then mixed (separated). After approximately 10 minutes, the absorbance of the mixture was measured using a spectrophotometer at a wavelength of 595 nm. The protein content was calculated using the regression equation from the standard protein curve of Bovine Serum Albumin (BSA). The sucrose of cocoa cherelle was extracted using ethanol and then evaporated using rotary evaporation and dissolved using water distillation (aquabidest). Sucrose content was measured using resorcinol at spectrophotometer  520 nm (Botha and Black 2000) .
Data analysis
Data on soil characteristics and comparison of fresh cherelle and wilting cherelle were analyzed using F-test and T-test. Meanwhile, data of physiological characteristics and components of results were analyzed using variance analysis (ANOVA) (α = 5%) and followed with the Tukey test (α = 5%).
RESULTS AND DISCUSSION
Soil characterization
Soil chemical properties were analyzed to reveal the characteristics of chemical properties at the study site. Based on this analysis. Referring to the assessment results of soil analysis criteria (Balintan 2009), the status of P available in the soil fertility status was moderate (8-10 units) and in the low soil fertility status was low (5-7). Ntotal was low (0.1%-0.2%), K available was very low (<8 ppm) and pH was acidic (4.5-5.5). Boron content in soil was different between high soil fertility status and low soil fertility that in the high soil fertility the boron content was moderate (> 0.5), while in the low soil fertility status was low (<0.5).
Based on the results of the analysis of several soil parameters at two study sites that contained soil fertility status based on the biochemical properties of the soil, the two soil fertility levels indicated differences only in the content of boron, phosphorus, and potassium available while total N, pH, organic matter, organic C, soil acidity status and moisture content levels remained homogeneous.
Leaf nutrient content (g. g -1 DW) and physiological activity
The treatment of soil fertility status did not indicate a significant difference in leaf N content, but it indicates a difference in the absorption of P, K and Boron in which high soil fertility status showed higher absorption than low soil fertility status. The differences in absorption occurred due to differences in levels of nutrient availability in the soil. Table 1 shows that the availability status of P, K and Boron was indeed higher in high soil fertility status while N total was at the same level. The treatment of the clones indicated a significant difference in the absorption of N content. KKM 22 and RCC 70 clone indicated a higher absorption in high soil fertility status and RCC 71 clone lowest absorption. The low soil fertility status not be indicated significant differences of N content of three of clone. RCC 70 clone indicated higher total K, P, and boron in both types of soil fertility status. However, the three clones showed a decrease in total N, P, K and Boron content by 33.30%, 49.71%, 40.96%, and 59%, respectively. Low nutrient absorption in low soil fertility status was because of lower availability of soil nutrients (Table 1) . This is consistent with (Marschners 2012) who argues that plants will absorb nutrients well if the condition of plants is healthy and the availability of nutrients in the soil is sufficient. Furthermore, nutrients control various processes that occur in plants so that it becomes a major limiting factor in plant growth and development.
Increased nutrient absorption, especially P, K and boron in high soil fertility status and RCC 70 clone, affected nitrate reductase activity and chlorophyll a, b and total content ( Table 2) . Nitrite is a substrate that will be transformed by nitrate reductase enzyme into nitrate; Nitrate in plants is obtained from the absorption of the element N, in this case, what is measured is the N total of the leaves. Nitrate reductase activity is strongly affected by enzymes and substrate precursors. In order to transform nitrate into nitrite, the nitrate reductase enzyme will transfer six electrons for each molecule (Ringer et al 2013). The electron transfer requires water and energy, the P element provides energy in the form of NADPH2 and K regulates cell turgidity, while Boron plays a role in permeability cells so that the process can run well. The increase and decrease in nitrate reductase activity due to deficiency and excess of boron have been reported in sunflower (Kastori et al. 1989 ); tobacco (Cristobal et al. 1999) ; peppers and tomatoes are grown in vitro (Eraslan et al. 2007 ); soybean (Hemantaranjan and Trivedi 2015) . Therefore, although the substrate concentration is equal because the leaf N content is not different, the nitrate reductase activity in the high soil fertility status is higher than in the low soil fertility status. This is due to the availability of leaf P, K and Boron in the high soil fertility status is higher than in the low soil fertility status. Similarly, RCC 70 clone indicated higher Nitrate reductase activity than RCC 71 and KKM22 clones. This increased activity of nitrate reductase directly affected the leaf chlorophyll content formed. The results of the correlation between nitrate reductase activity and leaf chlorophyll content in chlorophyll a, b and total levels indicated a positive correlation with R values of 0.85, 0.57 and 0.58, respectively (Table 6 ). This means that any increase in nitrate reductase activity will be followed by an increase in leaf chlorophyll content. Thus, it means that in addition to directly affecting the increase in chlorophyll levels, soil fertility status also affects chlorophyll content through nitrate reductase activity.
The treatment of high soil fertility status indicated higher chlorophyll levels than low soil fertility status (Table 3 ). The highest levels of chlorophyll a and total chlorophyll in high soil fertility status were shown by RCC 70 and KKM 22 clones. Meanwhile, RCC 71 clone indicated lower level of chlorophyll-a and total chlorophyll. In the low soil fertility status, the three clones did not indicate any significant difference in chlorophyll content. This occurred because the three clones experienced chlorophyll content reduction when planted at low soil fertility status. Low level of chlorophyll is associated with nutrient absorption. Higher nutrient absorption in high soil fertility status made the three clones able to synthesize the proteins and amino acids needed for the formation of chlorophyll content in leaves. Unlike the case with low soil (Kitir et al. 2018; Hagazi et al. 2018) .
High chlorophyll content in high soil fertility status allows greater absorption of photons. Photons are the spectrum of light that will be used to convert CO2 and H2O into chemical energy. The higher levels of chlorophyll, the larger the amount of photons will be absorbed and photosynthesis will increase. The results show that different chlorophyll content and different intercellular CO2 concentrations affect other physiological processes, namely photosynthesis, and transpiration. Zakariyya and Prawoto (2002) and explain that photosynthesis has a close correlation with chlorophyll content. Photosynthesis involves two reactions, dark reaction, and light reaction. The light reaction process depends on the chlorophyll content. According to Banyo and Ai (2011) , this is because high chlorophyll content makes more photons absorbed so that the photosynthetic rate is higher. Furthermore, the dark reaction requires CO2 to be converted into sucrose compounds (Avianto 2017) . Chlorophyll levels, especially chlorophyll a, have a positive correlation with increased stomata density and CO2 content in leaves. The CO2 content in leaves is another element that is highly needed in the process of photosynthesis. Table 4 shows that CO2 levels in leaves at high soil fertility status are greater than those at low soil fertility status. The RCC 70 clone shows higher CO2 content in leaves and photosynthetic rate than the two clones in both high soil fertility status and low soil fertility status (Table 4 .) Another factor that causes high CO2 content is stomata density. The absorption of CO2 is inseparable from the stomatal density. The results of observation indicated that the width of the stomatal opening in low soil status is higher, but the stomatal density is lower; in contrast, in the high soil fertility status, the width of stomatal opening is narrower but the stomatal density is higher (Table 5 ). This condition increases the transpiration rate in low soil fertility status, but decreases the photosynthetic rate. Meanwhile, the transpiration rate decreases at high soil fertility status and the photosynthetic rate increases. The correlation between photosynthetic parameters is shown in Table 6 .
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Percentage of cherelle wilt (%) and biochemical activity (sucrose, sugar reduction content and Invertase activity) in the cherelle (%)
Several studies have reported that one of the main causes of cherelle wilt is due to the competition of assimilates between organs that actively grow and the low assimilates (sucrose) that enters the cherelle resulting in the failure of cherelle development (Prawoto 2000; Astuti et al. 2011) . In plants, the only producer of assimilates is leaves so that leaves are referred to as the source, while all parts of plants are referred to as users (sinks). Leaves produce assimilates through the process of photosynthesis. The assimilate results produced on the leaves are then transported by phloem to the cherelle in the form of sucrose. The movement of sucrose from the source to the sink after the phloem loading process takes place through osmosis (Taiz and Ziger 2006; Liesce et al. 2011) . Because of the movement is osmotic, the sucrose status in the sink will affect the flow of sucrose from the source . Sucrose from the source can be transported into the cherelle if (i) there is no disturbance in the phloem and (ii) The content of sucrose in the cherelle is lower than outside of the cherelle. Several studies have reported that one of the main causes of cherelle wilt is the assimilate competition between organs that actively grow and the low assimilate (sucrose) that enters the cherelle causes the failure of cherelle development (Prawoto 2000; Astuti et al. 2011) . The percentage of cherelle wilt in the low soil fertility status is quite high by 62.27%, while in the high soil fertility status is only 40.06%, meaning that there is a difference of approximately 20% (Table 7) . Previous observations indicated that soil fertility status greatly affects the photosynthetic machinery and thus directly increases the photosynthetic rate (Table 6 ).
The results showed that soil fertility status and clones did not indicate a significant difference in the content of sucrose and fructose of fresh cherelle, but indicated a significant difference in the content of sucrose and reducing sugar in cherelle wilt (Table 7 ). In the high soil fertility status and RCC 70 clone, the sucrose content of wilting cherelle is lower and the reducing sugar content is higher. This lower sucrose content is because the wilting cherelle in the high soil fertility status and the RCC 70 clone is still able to convert sucrose into reducing sugar although it is not as big as in fresh cherelle. The opposite results are shown in the low soil fertility status and two clones (RCC71 and KKM22). However, it should be noted that there are differences in the sucrose content in fresh cherelle and wilting cherelle both in low soil fertility and in high soil fertility (Table 8) .
The correlation between wilting cherelle and photosynthesis is quite weak with a correlation value of-0.42, meaning that an increase in photosynthesis will be followed by an increase in wilting cherelle by 0.42. This result indicates that physiological parameters, especially photosynthesis, correlate with wilting cherelle but the correlation is not significant. What is interesting is that the correlation between glucose and reducing sugar content in cherelle wilt has a significant correlation with values of 0.76 and-0.85, respectively (Table 9 ). Accordingly, the higher the sucrose in wilting cherelle is, the higher the percentage of wilting cherelle will be by 76% and, conversely, the higher the reducing sugar is, the lower the percentage of wilting cherelle will be by 85%. The conversion of sucrose into reducing sugar is strongly affected by soil fertility status and clone response to soil fertility status, that nutrients required in the enzyme activity process that converts sucrose into reducing sugar are higher in the high soil fertility status and RCC 70 (Figure 1) . Enzyme which plays a role in reducing sucrose to sucrose is invertase enzyme. Changes in the content of sucrose in the cherelle will affect the flow of sucrose. Because it does not convert, high sucrose content disturbs phloem loading. Sucrose does not experience changes of form because invertase enzyme activity undergoes metabolic disorders. Such metabolic disorder is due to reduced water content and low nutrient content in the cherelle. The availability of K in the cherelle is very closely related to invertase activity. Value on the same columns followed by the same latter were not significant according to Tukey 5%, (ns) indicated that there was no interaction between each factor The results show that soil fertility status and clone use affect physiological activity. The same clone shows different physiological activities when planted on different soil fertility status. RCC 70 clone consistently exhibits higher physiological activity both at high soil fertility status and at low soil fertility status. Wilting cherelle at high soil fertility status is lower than that at low soil fertility status. RCC 71 clone shows higher wilting cherelle than other clones. There is a correlation between physiological activity and wilting cherelle, but this correlation is not significant. Physiological activity is able to supply sucrose in healthy cherelle and wilting cherelle. However, it seems that wilting cherelle is more affected by biochemical activity. Wilting cherelle is able to convert sucrose into reducing sugar due to low enzyme invertase activity. Low invertase activity is correlated with the availability of nutrients, especially K and boron. The mechanism of potassium and boron in affecting the invertase activity and its correlation with wilting cherelle is being investigated in the research, which is a continuation of this research.
